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Statistical illiteracy is damaging our health
Doctors and patients need to understand numbers if meaningful
dialogues are to occur‘‘Statistical literacy is a necessary precondition for an educated citi-
zenship in a technological democracy. Understanding risks and
asking critical questions can also shape the emotional climate in
a society so that hopes and anxieties are no longer as easily manip-
ulated from outside and citizens can develop a better-informed and
more relaxed attitude towards their health.’’11. IntroductionWhat is statistical literacy?
Statistical literacy in health does not require a degree in
statistics. Rather, it means that citizens have basic compe-
tencies in understanding health statistics.1 p.58Quite a number of people (including some honest surgeons and
doctors I know!) confess to be unable to fully understand statistics:
the word itself is off-putting enough! ‘Tabulated numerical facts’
(which is Chambers’ deﬁnition) is less frightening. Many people
wish they had been taught statistical thinking at school, and would
welcomehelp to improve their graspof this subject. Decisions indaily
life sooftendependonunderstandingnumbers: comparingone setof
ﬁgures with another; assessing risks and probabilities; reading press
reports givingpercentages abouthealthmatters; reading information
leaﬂets; ﬁnding the best mortgage. It is a real-world problem for
which most of us have been ill educated. The German chancellor,
Angela Merkel, identiﬁed this educational shortcoming, and sug-
gested a remedy, when stressing the importance for modern society
to deal with risks in an informed manner. She said21 Gigerenzer G, Gaissmaier W, Kurz-Milcke E, Schwarz LM, Woloshin S. Helping
Doctors and Patients Make Sense of Health Statistics. Psychological Sciences in
the Public Interest. 2008;8:2:53–96.
2 Merkel A, in CICERO. In: Gigerenzer G, GaissmaierW. Fear in theWake of Terrror.
Max Planck Research 3/2007. www.mpg.de/english/illustrationsDocumentation/
multimedia/mpResearch/2007/heft03/009/pdf11.pdf.
1743-9191/$ – see front matter  2009 Surgical Associates Ltd. Published by Elsevier Lt
doi:10.1016/j.ijsu.2009.06.008‘‘Our society must learn to better assess risks, generally speaking.
Living with chance and risk is a big problem. In a world that is
becoming increasingly complex, I also think it is important to
introduce children at an early age to such issues that will
constantly demand their attention in later life.’’
A solution endorsed by others.1,32. Outline of the problem
There are many ways of setting out numerical facts: in words;
using numbers; providing tables; using graphic representations of
one kind or another – grids, graphs, pie charts, etc. It follows that
it is essential for those attempting to communicate numerical facts
know how to do so in the best possible way so that their readers
have the best chance of grasping a good understanding. Another
aspect is that readers must be wised up to the potential for manip-
ulation afforded by various methods deviously employed by some
communicators with the intention of bamboozling readers by use
of less suitable formats. But to be sceptical pre-supposes good
understanding. An unaware and statistically illiterate public is
easy prey to political and commercial manipulations that can trade
on citizens’ fears and anxieties – or even deliberately exacerbate
them for their own ends.2 Particularly when it is a fact that many
authors of papers and health reports in medical journals and other
presentations are unaware that they are not presenting their ﬁnd-
ings in the best manner: this ‘collective statistical illiteracy’
involving many players could thus be described as ‘concealed’
from the very people responsible for setting out the facts, and to
society in general, and other involved parties.
The commercialization of healthcare provision by both public
and private methods leaves huge numbers of the population open
to this insidious ‘persuasion’ with its inevitable spin-offs of anxiety
and fearfulness. Healthcare provision today is becoming more and
more focused on prevention and screening.4,5 In addition, policy
makers encourage, or even insist that doctors and other health3 Editorial: Mathematics and Medicine. Lancet (1937) 1;31.
4 Department of Health. Putting prevention ﬁrst - vascular checks: risk assessment
and management.1st April 2008. www.dh.gov.uk/en/Publicationsandstatistics/
Publications/PublicationsPolicyAndGuidance/DH_083822.
5 McCartney. M. Check the check up. 14th April 2009. www.blogs.ft.com/
mmcartney.
d. All rights reserved.
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sometimes gullible public with their distorted appreciation of risk,
and pay them ﬁnancial incentives for doing so. Conﬂicts of interest
in the healthcare system lead to problems in communicating ‘The
Facts’.6 It has been suggested that the responsibility for screening
programmes must be separated from the responsibility for
providing the information material.73. Published monograph describing ‘collective
statistical illiteracy’
It is not my intention, nor is it possible to fully describe the
problem or to fully cover possible solutions in this short paper –
merely to provide an outline and an incentive for readers to appre-
ciate the problem and to take action. My intention is to commend
study of a monograph published in 2008 in Psychological Science in
the Public Interest in which the authors have diagnosed this societal
problem and labeled it ‘collective statistical illiteracy’. This
phenomena could perhaps be described as ‘the blind leading the
blind’ seeing that the authors provide evidence that both the givers
andreceiversof statistical informationareoftenunawareof theirdeﬁ-
ciency and sadly lacking in the skills necessary for it to be accom-
plished properly.
The authors of this monograph also discuss the importance of
teaching statistical thinking and transparent representations in
primary and secondary education as well as in medical school.
They suggest that this requires familiarizing children early on
with the concept of probability and teaching statistical literacy as
the art of solving real-world problems rather than applying
formulas to toy problems about coins and dice. The authors deem
statistical illiteracy to be a long-standing persistent condition,
under–recognized, but thriving in an increasingly number-ridden
technological delivery of medicine. They cite serious cases of statis-
tical illiteracy amongst the very people attempting to inform
patients and the public and amongst those charged with formu-
lating, explaining and delivering health policies. Whenmedia; jour-
nalists; politicians; doctors; health professionals; and promoters of
public health programmes (which will include vaccination and
screening of all kinds) are inadequately trained to communicate
numbers properly, the result is ‘collective statistical illiteracy’
and sub-optimal provision of healthcare.8 BMJ ‘ﬁller’: Trial registration: advice to authors. BMJ 2009;338:b149 doi:10.
1136/bmj.b149.
9 Integrated Research Application System www.nres.npsa.nhs.uk/applicants/
developing-an-integrated-approval-process-iras/
10 National Institute for Health Research Coordinated System for gaining NHS
Permission (NIHR CSP) www.ukcrn.org.uk/index/clinical/csp.html.
11 NHS National Patient Safety Agency National Research Ethics Service (NRES)
www.nres.npsa.nhs.uk/.
12 International Committee of Medical Journal Editors www.icmje.org/.
13 Riaz Agha, Derek Cooper, Gordon Muir. The reporting quality of randomized4. Background
As long ago as 1937, a Lancet editorial identiﬁed that an apprecia-
tion of statisticswas necessary and relevant not just in the laboratory,
but also in clinicalmedicine.3 It deplored the slowpace of recognition
in clinical medicine that failure to be taught simple statistical
methods, which – they wrote - ‘should concern us far more closely
than many of the things we are forced to learn in the six long years
of the medical curriculum’ - was leading to many avoidable errors
and a sadwaste of material that ‘still hindered progress’. Eighty years
later this problem remains and may even be worse.
It could be said that, although we are assembling the databases
and reﬁning processes and systems, we are falling at the ﬁnal crucial
hurdle - of being able to use them well and communicate the
numbers effectivelywith each other andwithpatients and the public.6 Department of Health. NHS Cancer Screening Programmes. Breast screening;
the facts. 2006 www.cancerscreening.nhs.uk/breastscreen/publications/ia-02.html.
7 Goetzsche PC, Hartling OJ, Nielsen M, Brodersen J, Jorgensen KJ, Breast
screening: the facts – or maybe not. BMJ 2009;338:446–448.5. Developments and changes since 1937
In the intervening eight decades there have been great advances
in developing, processing and systematically organizing data so
that it is accessible for wide general use. For example, the Cochrane
Collaboration, www.cochrane.org/ with its aim of improving
healthcare decision-making globally through its provision of
systematic reviews of the effects of healthcare interventions,
provides a reliable source of evidence to help guide decision-
making. Registration of trials8; strenuous efforts to improve
public clinical R&D regulatory processes9,10; and reform of ethics
committees11 are being given close attention in the UK. The
International Committee of Medical Journal Editors (ICMJE)
constantly updates its Uniform Requirements for Manuscripts
Submitted to Biomedical Journals.12 The International Journal of
Surgery is mindful of these things: a systematic review13 and an
editorial14 drew attention to the effects of poor reporting quality.
A further editorial reported on the launch of the EQUATOR
Network15 describing how this initiative has brought together
a group of experts intent on improving and promoting the need
for improved clarity, transparency and accuracy in health
research reporting in order to address this.
What use is awareness and availability of all these means for
reducing uncertainties about the effectiveness and safety of health-
care interventions if writers remain, or are even unaware, that they
are ﬂawed in their ability to grasp the signiﬁcance that there are
good and bad ways of presenting data about beneﬁts, harms and
risks? Unless and until these shortcomings in writing reports and
information materials are recognized and addressed, the personal
values and preference components that go towards arriving at
concordant individual decisions will be based on an inadequate,
shaky foundation. It is not sufﬁcient for doctors just to understand
data: the other essential skill is to be able to communicate them in
a transparent manner.6. Where are we today?
There have been numerous cultural and societal changes in
society since the publication of the 1937 Lancet editorial, in partic-
ular changes in the doctor-patient relationship; thewide availability
of information on the internet; technological advances; and aggres-
sive promotion of preventive health measures to encourage healthy
people to ‘ﬁnd it early’ - a fertile and proﬁtable ﬁeld for those who
might use data manipulatively, either inadvertently or deliberately,
when communicating with a statistically illiterate public. Conﬂicts
of interest, or the need to achieve ‘targets’, or the desire to increase
sales, can lead to a penchant for emphasizing the beneﬁts of an
intervention at the expense of its harms.7 Presenting data in a waycontrolled trials in surgery: A systematic review. International Journal of Surgery
2007;5(6):413–422.
14 Thornton H. Reporting quality: the weakest link? International Journal of
Surgery 2007;5:374–375.
15 Thornton H. Report on EQUATOR network launch meeting 26th June 2008
‘‘Achieving Transparency in Reporting Health Research. International Journal of
Surgery, 2008;6:6:428–431: http://dx.doi.org/10.1016/j.ijsu.2008.08.002.
Percentage of Physicians Answering Basic Numeracy Questions Correctly
(From Schwartz & Woloshin, 2000).
Question Physicians in Grand Rounds n¼ 85
Convert 1% to 10 in 1000 91
Convert 1 in 1000 to 0.1% 75
How many heads in 1000 coin ﬂips? 100
Editorial / International Journal of Surgery 7 (2009) 279–284 281that engenders fear can be a spur to action by the recipient that is
proﬁtable to the private provider, or proﬂigate of scarce resources
in the public sector, for interventions that have the potential to
deliver more harm than beneﬁt to unsuspecting individuals.16 The
antidote is towork to achieve better statistical literacy so that ‘‘hopes
and anxieties are no longer as easily manipulated from outside and
citizens can develop a better-informed and more relaxed attitude
towards their health’’1 In other words: it is everyone’s responsibility
to strive for better statistical literacy. The more widespread the
illiteracy, the easier it is to manipulate the opinions of both doctors
and patients, as, for example, in screening campaigns. A cure is to
use transparent health statistics, framing information in a way
that is most readily understood in the population generally.
Statistical illiteracy
(a) is common to patients, physicians [health professionals*], and
politicians;
(b) is created by non-transparent framing of information that may
be unintentional (i.e. the result of lack of understanding) or
intentional (i.e. aneffort tomanipulateorpersuadepeople); and
(c) can have serious consequences for health. [*HT addition]
7. Informed consent; shared decision-making
‘‘Collective statistical illiteracy makes informed consent science
ﬁction.’’1 p.71
‘‘You can’t just trust the subject to weigh the risks* and beneﬁts and
you can’t just trust the investigator recruiting a subject for a study
to present in the cold light of day the facts about beneﬁts and
risks.*’’17Benefits: The totality of possible positive consequences of
an intervention. These are the opposite of harms against
which they must be compared.
Harms: The totality of possible adverse consequences of an
intervention. These are the opposite of benefits against
which they must be compared.
*Risk: The probability of harm taking place. It is not possible
to directly compare benefits and risks because one is an
outcome while the other is the probability of an
outcome.18,19,20It is difﬁcult to imagine a consultation today between doctor or
other health professional with a patient or member of the public
that does not involve some discussion involving numbers or weigh-
ing of alternative approaches to choosing an appropriate interven-
tion. Informed choice requires full information about both beneﬁts
and harms. Incorrect premises lead to wrong conclusions: ﬂawed
information leads to false expectations. Full and understandable16 Goetzsche PC, Nielsen M. Screening for breast cancer with mammography.
Cochrane Database of Systematic Reviews 2006;(4):CD001877.
17 Nellie Bristol. Obituary: Jacob Katz. Lancet 2009;373:376.
18 Developing methods of communicating beneﬁts and harms of medical inter-
ventions through journals. Academy of Medical Sciences Workshop 5th September
2008, London.
19 Ioannidis JPA, Evans S, Goetzsche PC, O’Neill RT, Altman DG, Schulz K, Moher D,
for the CONSORT Group. Better Reporting of Hams in Randomized Trials: An Exten-
sion of the CONSORT statement. Annals of Internal Medicine, 2004;141(10),
781–788.
20 Thornton H. Communicating the beneﬁts, harms and risks of medical interven-
tions: in journals; to patients and public. International Journal of Surgery. 2009.
7:3–6.information is a requirement, not an option.21 Historically, patients
have been viewed as ‘the problem’ when it comes to ‘under-
standing’ information. A decade ago, the classical view was that
technical knowledge about harms, beneﬁts and risks was held by
the physician and was shared with the patients to enable them to
decide according to their preferences.22 Quite often patients’
competence was questioned; gaining their adherence or compli-
ance was the objective, rather than seeking concordance. This atti-
tude disregards the various uses to which patients put patient
information leaﬂets.23 If, as has been shown, poor communication
has an adverse effect on many important outcomes, such as
patients’ satisfaction and adherence to treatment or advice, it can
be seen just how important it is to ensure that those providing
data do so in the most comprehensible and accurate way.
When Schwartz and Woloshin tested physicians’ basic
numeracy they found that, although physicians were better when
compared to the general public, only 72% of the physicians
(n¼ 85) could answer all the following three questions correctly.248. Recommendations for achieving ‘minimal statistical
literacy in health’
Gigerenzer and colleagues, appreciating that it is desirable to
deﬁne statistical literacy in concrete terms, propose a list of insights
that all patients and physicians should understand and questions
that everyone should know to ask. The outline of requirements is
listed below: these items are explained in the Monograph1 and in
other literature listed at the foot of this paper.
Minimal Statistical Literacy in Health – applies to every
medical decision.
Learning to Live with Uncertainty
 Understand that there is no certainty and no zero risk, but only
risks that are more or less acceptable.
Questions to Ask About All Risks
 Risk of what?
 Time frame?
 How big?
 Does it apply to me?
Screening Tests
 Understand that screening tests may have beneﬁts and
harms.21 Jorgensen KJ, Brodersen J, Hartling OJ, Nielsen M, Goetzsche P. Informed choice
requires information about both beneﬁts and harms. Journal of Medical Ethics
2009. 35:268–269.
22 Charles CA, Gafni A, Whelan T. Shared decision-making in the medical
encounter. What does it mean? (or, it takes at least two to tango). Social Science
and Medicine 1997; 44:681–692.
23 Dixon-Woods, M. Writing wrongs? An analysis of published discourses about
the use of patient information leaﬂets. Social Science and Medicine. 2001;
52:1417–1432.
24 Schwarz LM, Woloshin S. (2000) Physician grand round survey (unpublished
data), cited in1.
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tives and false negatives.[And also can lead to unnecessary treat-
ments; and turn healthy people into patients.(HT)]
 Understand how to translate speciﬁcities, sensitivities, and other
conditional probabilities into natural frequencies. (*see below)
 Understand that the goal of screening is not simply the early
detection of disease: it is mortality reduction or improvement of
quality of life
Treatment
 Understand that treatments typically have beneﬁts and harms
 Understand the size of the beneﬁts and harms
Questions About the Science Behind the Numbers
 Quality of evidence?
 What conﬂicts of interest exist?9. Vaccination
An important responsibility for public health practitioners and
General Practitioners (GPs) particularly, is to clearly convey the
beneﬁts and risks of vaccination, both to the individual and to the
wider community. There are peculiar differences between
screening and vaccination that are not always appreciated by the
individuals having to consider them.
Let us consider, for example, a comparison of risks as might be
perceived by members of the public about MMR vaccination and
about mammography screening. Their reactions and actions with
respect to these two interventions, well documented in the jour-
nals and the media, will illustrate the irrational behaviors and
responses to fear of disease: in the ﬁrst instance to avoid vaccina-
tion where the risk is minute; or, in the second, to present them-
selves for mammography screening where the potential for harm,
if diagnosed with cancer, is robustly evidenced to be in the order
of 10:1.
The difference is that vaccination confers beneﬁt both on an indi-
vidual and to thewider community through ‘herd protection’. There
is therefore a social responsibility in agreeing to vaccination, as well
as for self-interest (on behalf of offspring). Furthermore, there is
a social repercussion if a signiﬁcant number of parents op-out of
the vaccination programme, frightened by adverse articles and
publicity, such that theuptake falls belowthe level required tomain-
tain herd immunity. This can result (as we are seeing in the UK25) in
real, inevitable, predictable harm from increased cases of measles –
a disease that can lead to serious disability or death.
In contrast, mammography screening only offers potential for
individual beneﬁt in a speciﬁc cohort of womenwithin the popula-
tion. We must remember that no intervention can be said to be
totally free of harms. In these two examples there is a hugely
different ratio of harm to beneﬁt. Risk or harm to the individual
child vaccinated against MMR vaccine is inﬁnitesimally small. By
contrast, the ratio of harm to beneﬁt to the individual women diag-
nosed with cancer amongst those who accept the invitation to
attend for screening is in the order of 10 to 1.16 This risk should
be considered against the fact that, for example, in the UK in the
year 2006–7, this risk was experienced by the 14,753 women diag-
nosed with cancer out of the 1,901,233 women screened,26 who
were not advised of this risk before they attended. The remainder25 Health Protection Agency. Continued increase in measles cases, 9th
January 2009. www.hpa.org.uk/webw/HPAweb&;HPAwebStandard/HPAweb_C/
1231490128640?p¼1231252394302.
26 NHS Breast Screening Programme Annual Review 2008, ‘Saving lives through
screening’ ISBN 1 84463 057 8.of 1,886,480 women screened that year will say they feel ‘reas-
sured’, even though invitation leaﬂets (revised 2009)6 now warn
women ‘‘mammography, like other screening tests, is not perfect’’.
Mammography is an inherently imperfect test: it consistently and
inevitably produces false negative and false positive results. (1676
benign biopsies.26)
We see the utilitarian ethic at play here: should ten women be
allowed to suffer harm for potential beneﬁt to one, particularly as
the evidence for harm is more robust than the evidence for
beneﬁt? We also see the extraordinary paradox of people avoiding
one public health intervention where the known risks are very
small, and another where belief is overwhelmingly in support of
an intervention that is known to cause considerable harm, fuelled
by consistently inadequate information provision over two
decades.
The health economic aspects of offering public programmes for
MMR vaccination and breast screeningmust not be overlooked. It is
rightly deemed reasonable and necessary for public health promo-
tions to urge MMR vaccination in order to achieve a required
uptake tomaintain herd immunity, as well as protect the individual
being vaccinated, when it is known that the risk of individual harm
from the vaccination is very, very small indeed. Aside from the
human costs, the possible cost of caring for children damaged by
measles, mumps and rubella must be taken account of. However,
the reason for the NHS BSP to promote uptake of mammography
screening is to achieve the necessary numbers to keep the system
viable. As Professor Neel Mittra has so wryly commented,
‘‘.mammography would seem to be a massively expensive and risky
way to increase awareness, and we should look for cheaper and safer
alternatives’’ when discussing the possible contribution of
mammography screening to the decline in breast cancer mortality
since 1989.27
These two illustration are clear examples of the mayhem that
can result when health professionals, journalists, editors, writers
of research report and writers of public health information leaﬂets
do not take sufﬁcient care to use and present ‘numbers’ in the best
possible manner. As Gigerenzer and colleagues advise in the
conclusion of their monograph1 people need a context – to be given
some sense of the magnitude of the beneﬁt – to be better calibrated
to effect sizes.
Further recommendations:
 Give the public more numbers: there is evidence to show that
patients tend to overestimate risks when disclosed only
verbally. Patients gain a more accurate perception of risk
when it is also given numerically.
 Simple tables, by providing a formal structure, are a useful and
practical way of presenting numbers.
 *Use frequency statements, not single event probabilities – the
latter are prone to being misunderstood. E.g.: NOT: ‘‘If you take
Prozac, you have a 30 to 50% chance of developing a sexual
problem, such as impotence or loss of interest.’’ Instead, state:
‘‘Out of every 10 patients who take Prozac, 3 to 5 experience
a sexual problem.’’
 Use absolute risks, not relative risks.
 Use mortality rates, not survival rates.
 *Use natural frequencies, not conditional probabilities.
 It is useful to provide a context that will give some idea of the
magnitude of the interventions being suggested/compared.27 Mittra, I. Let us give mammography its due. bmj.com rapid response 8th June
2009 to Jorgensen KJ, Brodersen J, Nielsen M, Hartling OJ, Goetzsche PG. Letter,
A cause for celebration, and caution. BMJ 2009;338:b261.
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sizes so that they will be able to discriminate more easily,
and to ensure that they do not discount small but important
effects.31 Matthew DR, McPherson K. Doctors’ Ignorance of Statistics. BMJ. 1987;10. Teaching, training and education of the public
The challenge for tackling statistical illiteracy is considerable. It
needs to begin in school, introducing the concept of uncertainty,
using imaginative ways to deal with it. Interest in the topic is
caught and sustained through teaching real-world problem solving.
Gigerenzer and colleagues believe that there is a need to rethink
the teaching of statistics if we are to achieve statistical literacy. If
it were taught as a disciplined problem-solving technique it would
not only be helpful to patients, doctors and health professionals,
and journalists, but to citizens generally.
Statistical thinking, the most useful part of mathematics for life
after school (but best considered as a problem-solving discipline in
its own right) teaches children to deal with an uncertain world in
a playful way, ﬁrst using hands-on material and, later, visualisation
software. Currently, most available time in schools is spent on
teaching the mathematics of certainty – from algebra to geometry
to trigonometry. Gigerenzer and colleagues have identiﬁed four
factors why schools contribute so little to statistical literacy. They
suggest that statistical literacy is taught
(a) too late in school
(b) with representations that confuse young minds
(c) with boring examples that kill motivation, and
(d) by teachers who are unversed in statistical thinking.
Teaching statistical thinking as problem solving can be directly
connected to teaching health in schools: a curriculum has been
developed.28,29
11. Medical training
In 2007, Switzer and Horton undertook an analysis of the
statistical content of original articles in The New England Journal
of Medicine over 4 time periods spanning 1978–2005.30 They
found there was a continuous trend toward increased use of
new and more sophisticated statistical methods by journal
authors. They doubted that the subtleties of these methods, which
are required to fully describe more recent, complex studies, are
completely comprehended by clinicians: this was compounded
by the fact that they found that the information revealed in
summary abstract reports (which is often the only section that
busy clinicians read) was often incomplete. The authors stress
that comprehension of current research is of particular impor-
tance to doctors: in order to comprehend ‘‘they must understand
the underlying statistical concepts used to quantify the effectiveness
of new treatments or medications.’’
They suggest that medical and statistical educators need to
consider how to prepare future health professionals to be able to28 Steckelberg A, Hulfenhaus C, Kasper J, Rost J &Mulhauser I. 2007; How to
measure critical health competencies: development and validation of the Critical
Health Competence Test (CHC Test) Advances in Health Sciences Education.
DOI:10.1007/s10459-10007-10083-10451.
29 Steckelberg A, Hulfenhaus C, Kasper J, Rost J & Mulhauser I. 2008; Ebm@school -
a curriculum of critical health literacy for secondary school students: Results of
a pilot study. Unpublished manuscript.
30 Switzer Susanne S, Horton Nicholas J. What Your Doctor Should Know about
Statistics (but Perhaps Doesn’t). Chance 2007;20(1);17–21.comprehend statistical methodology that exceeds what is currently
presented in introductory courses. Otherwise, as Matthews and
McPherson had pointed out in 1987: ‘‘Innumerate doctors.are
doomed to have to accept without reservation the statements made
in summaries, discussions, or conclusions, and their clinical practice
may thus be altered on the basis of ﬂimsy or inconclusive evidence.’’31
They also suggested ‘‘Journals need to ensure that results are
explained in terms that the statistically amblyopic can still compre-
hend....diagrams should be encouraged, especially where correla-
tions are concerned.’’ It can be seen that this is a ‘collective problem’
involving educators, doctors, journalists and journal editors, indi-
rectly affecting and impinging upon patients, politicians, ethics
committees and lawyers, in various interactions. And, ultimately,
of course, on patient care – the raison d’eˆtre for all this activity.
It can also be seen how vital it is that medical students and
doctors are taught not only to understand statistics, ‘numbers’
and thus ‘risks’, but also how important it is to be able to commu-
nicate them effectively and transparently.32 Unless and until they
are, patients and the public are being disadvantaged.
It was not until the late twentieth century that medical schools
began to teach statistics. Various changes have been proposed to
improve approaches to introductory statistics education speciﬁ-
cally to improve doctors’ understanding of statistics.33 These
include offering new forms of continuing education, workshops
and tutorial papers. It has also been suggested that material
covered in statistics courses for medical professions could be
altered to include the statistical concepts that they are most likely
to encounter when reading or conducting research. A further
suggestion: it may be appropriate to require training in statistics
as a prerequisite to medical school.
12. Ethics
The mode of presentation of information affects the proportion
of risk-takers and risk-avoiders, and is an ethically signiﬁcant act.
Tversky and Kahneman have summarized it in this way34:
The psychological principles that govern the perception of
decision problems and the evaluation of probabilities and
outcomes produce predictable shifts of preference when the
same problem is framed in different ways. The dependence of
preferences on the formulation of decision problems is a signif-
icant concern for the theory of rational choice.
It is important that any proposition is complete otherwise the
decision will be affected.
13. Conclusion
There is no quick and easy solution to this ‘concealed’ problem
of ‘collective’ statistical illiteracy, particularly as so many individ-
uals are unaware, or seemingly unwilling to admit that they are
to be found wanting in this necessary skill of presenting numbers294:856–857.
32 Edwards A, Elwyn G, Atwell C. et al. Shared decision making and risk commu-
nication in general practice – a study incorporating systematic literature reviews,
psychometric evaluation of outcome measure, and quantitative, qualitative and
health economic analyses of a cluster randomised trial of professional skill
development. Report to the ‘Health in Partnership’ programme, UK Department
of Health. 2004. http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/DH_4082332 (No. 11.)
33 Altman DG, Balnd JM (1991) Improving Doctors’ Understanding of Statistics.
Journal of the Royal Statistical Society - Series A, Applied Statistics.154:223–267.
34 Tversky A, Kahneman D. The framing of decisions and the psychology of choice.
Science 1981;211:453–458.
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that it exists at all. With evidence to show that the percentage of
physicians able to answer simple numeracy questions correctly24
is much less than satisfactory, it would seem that it is necessary
to start from a basic level if improvement is to be achieved: in
schools, in medical colleges and in medical journals. But the ﬁrst
step must surely be to convince sceptics by raising awareness to
show that the problem really exists! And to do that, the topic needs
exposure and debate.
Ben Goldacre in his chapter on ‘Bad Stats’ in his book ‘Bad
Science’, looked at how numbers and calculations are repeatedly
misused and misunderstood.35 He used examples from the world
of journalism but warned that the true horror is that journalists
are not the only ones to make basic errors of reasoning. As he
said: ‘‘Numbers . can ruin lives.’’ He is a ﬁrm advocate of using
natural frequencies (rather than probabilities) because they are
readily understandable; they use concrete numbers; they contain
more information. (See Prozac example, 3rd item of ‘Further recom-
mendations’.) Correct decisions - by doctors, commissioning
committees, local health authorities, members of the legal profes-
sion – are much more likely to be made when information about
risk is presented as natural frequencies rather than probabilities
or percentages. As Goldacre states: ‘‘Simple numbers are simple.’’
I can do no better than use the words of Gigerenzer and
colleagues to conclude:
‘‘We hope that this monograph stimulates researchers to contribute
to solving the problem of collective statistical illiteracy and to
develop and implement efﬁcient and transparent representations of
health statistics. Nonetheless, the dream of statistical literacy is of
a broader scope and is fundamental to a functioning democracy. It
embodies the Enlightenment ideal of people’s emergence from their
self-imposed immaturity. In Kant’s (1784) words, ‘‘Dare to know’’’’35 Goldacre, B. Bad Science. Fourth Estate, London 2008. Chapter 13: Bad Stats. pp.
239–260.‘‘It is easy to lie with statistics, but easier to lie without them.’’
Frederick Mosteller (1916–2006)
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